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2I. INTRODUCTION
Spei aspets of hadroni struture are desribed by several dierent phenomenologial funtions. Form fators,
usual parton distribution funtions (PDFs) and distribution amplitudes are the so-alled old phenomenologial
funtions sine they have been around for a long time. On the other hand, the onept of generalized parton
distributions (GPDs) [1, 2, 3, 4, 5℄ (for reent reviews, see [6, 7℄) is new. These new phenomenologial funtions
are hybrids of the old ones, and therefore they provide a unied and more detailed desription of the hadroni
struture.
In reent years, signiant eort was made to aess GPDs through the measurement of hard exlusive eletro-
prodution proesses. The simplest proess in this respet is the deeply virtual Compton sattering (DVCS) proess,
i.e. an eletron satters o a nuleon produing a photon in the nal state. Using the neutrino beam instead we
extend the DVCS proess into the weak setor, where one expets to be sensitive to a dierent avor deomposition
of GPDs, and further, due to the presene of the axial part of the V-A interation also sensitive to a dierent
set of GPDs. In addition, the weak DVCS proess allows us to study avor non-diagonal GPDs, e.g. in the
neutron-to-proton transition.
Detailed study of weak deeply virtual Compton sattering with eletron and neutrino beams will be presented in a
forthoming paper.
II. PHENOMENOLOGICAL FUNCTIONS
Among phenomenologial funtions we disuss form fators, usual parton distribution funtions and generalized
parton distributions.
A. Form Fators
Form fators are dened through matrix elements of eletromagneti and weak urrents between the hadroni
states. In partiular, the matrix element of the vetor urrent between the nuleon states N (p1, s1) and N (p2, s2) is
parametrized in terms of the nuleon eletromagneti form fators, i.e. Dira and Pauli form fators,
〈N (p2, s2)| JµV (0) |N (p1, s1)〉 = u (p2, s2)
[
γµF1 (t)− iσµν rν
2M
F2 (t)
]
u (p1, s1) , (1)
where r = p1 − p2 is the overall momentum transfer, the invariant t = r2 and M denotes the nuleon mass. In the
ase of the axial vetor urrent one has the axial and pseudosalar form fators,
〈N (p2, s2)| JµA (0) |N (p1, s1)〉 = u (p2, s2)
[
γµγ5gA (t)− γ5 r
µ
2M
gP (t)
]
u (p1, s1) . (2)
Both urrents in Eqs. (1) and (2) are given by the sum of their avor omponents, JµV (0) =
∑
f Qf ψ¯f (0) γ
µψf (0)
and JµA (0) =
∑
f QAf ψ¯f (0)γ
µγ5ψf (0), where Qf and QAf are the eletri (in units of |e|) and axial harges of the
quark of avor f, respetively. A similar deomposition holds for the form fators, F1,2 (t) =
∑
f QfF1,2f (t) and
gA,P (t) =
∑
f QAfgA,Pf (t). Their limiting values at t = 0 are known, e.g. Dira and Pauli form fators give the
total eletri harge of the nuleon and its anomalous magneti moment.
In partiular, the nuleon eletromagneti form fators an be measured through elasti eletron-nuleon sattering,
e−N −→ e−N. (3)
The proess is shown in one photon-exhange approximation in Figure 1, left.
3B. Usual Parton Distribution Funtions
PDFs are dened through forward matrix elements of quark/gluon elds separated by light-like distanes. For the
unpolarized ase one has
〈N (p1, s1)| ψ¯f (−z/2)γµψf (z/2) |N (p1, s1)〉z2=0 = u (p1, s1) γµu (p1, s1)
×
∫ 1
0
dx
[
e−ix(p1z)qf (x)− eix(p1z)qf (x)
]
, (4)
and for the polarized one
〈N (p1, s1)| ψ¯f (−z/2)γµγ5ψf (z/2) |N (p1, s1)〉z2=0 = u (p1, s1) γµγ5u (p1, s1)
×
∫ 1
0
dx
[
e−ix(p1z)∆qf (x) + e
ix(p1z)∆qf (x)
]
. (5)
To make onnetion with GPDs, whih are usually disussed in the region −1 ≤ x ≤ 1, it is onvenient to introdue
new distribution funtions,
q˜f (x) =
{
qf (x) x > 0
−qf (−x) x < 0 (6)
and
∆q˜f (x) =
{
∆qf (x) x > 0
∆qf (−x) x < 0 (7)
and alternatively, write the integrals over x in Eqs. (4) and (5) as
∫ 1
0
dx
[
e−ix(p1z)qf (x)− eix(p1z)qf (x)
]
=
∫ 1
−1
dx e−ix(p1z)q˜f (x) ,∫ 1
0
dx
[
e−ix(p1z)∆qf (x) + e
ix(p1z)∆qf (x)
]
=
∫ 1
−1
dx e−ix(p1z)∆q˜f (x) . (8)
Furthermore, one observes that the denition of PDFs has the form of the plane wave deomposition. Thus it allows
us to give the momentum spae interpretation: qf (x) /qf (x) is the probability to nd the quark/antiquark of avor
f arrying the momentum xp1 inside a fast-moving nuleon having the momentum p1.
PDFs have been intensively studied in hard inlusive proesses for the last three deades. The lassi example in
this respet is the deeply inelasti sattering (DIS) proess, i.e. inlusive sattering of high energy leptons on the
nuleon,
e−N −→ e−X, (9)
shown in Figure 1, right. It played a key role in revealing the quark struture of the nuleon. The struture funtions,
aessed in the DIS proess, are diretly expressed in terms of PDFs. Through the optial theorem, its ross setion
is given by the imaginary part of the forward virtual Compton sattering amplitude (see Figure 2). The summation
over X reets the inlusive nature of the nuleon struture desription by PDFs.
In the Bjorken regime, where the spae-like momentum transfer is suiently large together with large total enter-
of-mass energy of the photon-nuleon system, −q21 and (p1 + q1)2 →∞, while the ratio xB ≡ −q21/2 (p1 · q1) is nite,
perturbative QCD fatorization works. In other words, the forward virtual Compton sattering amplitude fatorizes
into perturbatively alulable hard sattering proess at the level of quarks and gluons, and proess independent
matrix elements whih ontain the soft non-perturbative information about the nuleon struture represented by
4the blob (see Figure 3). We reall that these forward matrix elements onsist of quark and gluon operators, whose
elds are separated by a light-like distane. They are desribed and parametrized in terms of PDFs. Shematially,
QCD fatorization allows us to write the amplitude in the form of the so-alled handbag diagrams. Moreover, the
leading ontribution in the lowest order in the strong oupling onstant αs is given by two (s- and u-hannel) handbag
diagrams in whih the hard propagator is onvoluted with the PDFs. Taking the imaginary part of the forward virtual
Compton sattering amplitude generates the delta funtion, ℑ
[
(xp1 ± q1)2 + iǫ
]−1
≈ δ (x∓ xB) /2 (p1 · q1). Hene in
the DIS proess one measures the PDF q˜f (x) at two points, x = ±xB, with x = xB orresponding to the quark PDF
and x = −xB for that of antiquarks.
C. Generalized Parton Distributions
A more reent attempt to use perturbative QCD to extrat new information about the hadroni struture is the
study of hard exlusive eletro-prodution proesses, in partiular the DVCS proess. This is a muh more diult
task due to the small ross setions. However, high energy and high luminosity eletron aelerators ombined with
large aeptane spetrometers give a unique opportunity to perform preision studies of suh reations. The DVCS
proess an be aessed through the reation
e−N −→ e−Nγ. (10)
It turns out that fatorization into short and long distane dynamis is more general. Having large spae-like
virtuality of the initial photon while the nal state photon is on shell is suient for QCD fatorization to work. In
ontrast to the DIS proess, the outgoing photon is real, and heneforth, the overall momentum transfer is not equal
to zero. In the leading handbag approximation, the so-alled non-forward virtual Compton sattering amplitude is
dominated by two diagrams (see Figure 4). The lower blob now ontains the non-forward matrix elements of the
same quark and gluon operators as in the forward ase. They are parametrized in terms of GPDs.
It is onvenient to introdue the average of the nuleon momenta, p = (p1 + p2) /2, and treat the initial and
nal hadron in a symmetri way (see Figure 5). In this sheme, at the leading twist-2 level, the nuleon struture
information an be parametrized in terms of two unpolarized and two polarized GPDs denoted by H, E and H˜, E˜,
respetively. They are funtions of three variables (x, ξ, t), and further they are dened for eah quark avor f. In
addition to the usual light-one momentum fration x, GPDs also depend upon another saling variable, the skewness
parameter ξ = r‖/2p‖, speifying the longitudinal momentum asymmetry, and upon the invariant t. The variables x
and ξ solely haraterize the longitudinal momenta of the partons involved, however, the t-dependene of GPDs is
related to their transverse momenta. Thus one an simultaneously aess the longitudinal momentum and transverse
position of the parton in the innite momentum frame [8℄. Furthermore, by removing the quark with the light-one
momentum fration x + ξ and replaing it with the quark of the momentum fration x − ξ, one an say that GPDs
measure the oherene between two dierent quark momentum states of the nuleon, i.e. the quark momentum
orrelations in the nuleon, whereas usual PDFs yield only the probability that a quark arries a fration x of the
nuleon momentum.
Sine −1 ≤ x ≤ 1 in Figure 5, the momentum frations x± ξ of the ative quarks an be either positive or negative.
Positive and negative momentum frations orresponds to quarks and antiquarks, respetively. Therefore GPDs
have three distint regions: when ξ ≤ x ≤ 1 (−1 ≤ x ≤ −ξ) both partons represent quarks (antiquarks), whereas for
−ξ ≤ x ≤ ξ one parton represents a quark, and the other parton an antiquark. In the rst two regions GPDs are just
the generalizations of the usual PDFs, however, in the third region they behave like a meson distribution amplitude.
Hene, in the region −ξ ≤ x ≤ ξ, they ontain new information about the nuleon struture sine this region is not
present in DIS.
GPDs have interesting properties linking them to usual PDFs and form fators. In the forward limit, p1 = p2 and
ξ, r, t = 0, the GPDs H and H˜ oinide with the quark density distribution qf (x) and the quark heliity distribution
∆qf (x) given by Eqs. (6) and (7) obtained from the DIS proess. One writes the so-alled redution formulas for the
funtions H and H˜ ,
Hf (x, 0, 0) =
{
qf (x) x > 0
−qf (−x) x < 0 (11)
5and
H˜f (x, 0, 0) =
{
∆qf (x) x > 0
∆qf (−x) x < 0 (12)
while the funtions E and E˜ have no onnetions to PDFs. They are always aompanied with the momentum transfer
r, and therefore invisible in inlusive measurements. In the loal limit, z = 0, GPDs redue to the form fators. In
other words, the rst moments of GPDs are equal to the nuleon elasti form fators. Namely,
∫ 1
−1
dx Hf (x, ξ, t) = F1f (t) ,
∫ 1
−1
dx Ef (x, ξ, t) = F2f (t) ,∫ 1
−1
dx H˜f (x, ξ, t) = gAf (t) ,
∫ 1
−1
dx E˜f (x, ξ, t) = gPf (t) . (13)
We all these relations the sum rules. They are model and ξ-independent.
GPDs are also relevant for the nuleon spin struture. In partiular, the seond moment of the unpolarized GPDs
at t = 0 gives the quark angular momentum,
Jq =
1
2
∑
f
∫ 1
−1
dx x [Hf (x, ξ, t = 0) + Ef (x, ξ, t = 0)] . (14)
The above equation is independent of ξ. The quark angular momentum, on the other hand, deomposes into the
quark intrinsi spin and the quark orbital angular momentum,
Jq =
1
2
∆Σ+ Lq, (15)
where ∆Σ is measured through the polarized DIS proess. Substituting Eq. (14) into Eq. (15) one an determine Lq.
Moreover, sine the nuleon spin omes from quarks and gluons, 1/2 = Jq+Jg, one an extrat the gluon ontribution
Jg to the nuleon spin. Hene by measuring GPDs one obtains information about the angular momentum distributions
of quarks and gluons in the hadron.
III. WEAK DVCS AMPLITUDE
In the most general ase, the virtual Compton sattering amplitude is given by a Fourier transform of the orrelation
funtion of two eletroweak urrents. In partiular, for the weak DVCS proess we have
T µν = i
∫
d4z e−iqz 〈N (p− r/2, s2)|T {JµW (z/2)JνEM (−z/2)} |N (p+ r/2, s1)〉 , (16)
where JµW (z/2) orresponds to either the weak neutral urrent J
µ
WN (z/2) or to the weak harged urrent J
µ
WC (z/2),
i.e. to the exhange of the weak boson Z0 or W±, respetively. One of the methods to study the behavior of Eq.
(16) in the generalized Bjorken region is to use the light-one expansion for the time-ordered produt of two urrents
T {JµW (z/2)JνEM (−z/2)} in the oordinate representation. The expansion is performed in terms of QCD string
operators. Its leading order ontribution is shown in Figure 6. The hard part of both handbag diagrams starts at the
zeroth order in αs with the purely tree level diagrams in whih the weak virtual boson and real photon interat with
quarks being treated as massless fermions. Sine the weak urrent ouples to the quark urrent through two types of
verties, qqZ0 and qqW±, the quark elds at oordinates ±z/2 an arry either the same or dierent avor quantum
numbers. We treat these two ases separately.
6A. Weak Neutral Current
We expand the time-ordered produt of the weak neutral and eletromagneti urrent in Eq. (16),
iT {JµWN (z/2)JνEM (−z/2)} = −
zρ
4π2z4
∑
f
Qf
[
ψ¯f (−z/2)γνγργµ
(
cfV − γ5cfA
)
ψf (z/2)
−ψ¯f (z/2)γµ
(
cfV − γ5cfA
)
γργνψf (−z/2)
]
, (17)
where cfV and c
f
A are the weak vetor and axial vetor harges, respetively. We express the original biloal quark
operators with three Lorentz indies in Eq. (17) in terms of the string operators with only one Lorentz index,
iT {JµWN (z/2)JνEM (−z/2)} = −
zρ
4π2z4
∑
f
Qf
{
cfV s
µρνη
[
ψ¯f (−z/2)γηψf (z/2)− (z −→ −z)
]
+cfV iǫ
µρνη
[
ψ¯f (−z/2)γηγ5ψf (z/2) + (z −→ −z)
]
−cfAsµρνη
[
ψ¯f (−z/2)γηγ5ψf (z/2)− (z −→ −z)
]
−cfAiǫµρνη
[
ψ¯f (−z/2)γηψf (z/2) + (z −→ −z)
]}
. (18)
We have two types of string operators in Eq. (18). The (axial) vetor string operators ome (with) without γ5.
They an be aompanied with tensors, sµρνη and ǫµρνη, whih are symmetri or antisymmetri in indies µ, ν.
Furthermore, in addition to the standard eletromagneti DVCS proess, we end up with two more terms.
In the next step we isolate the twist-2 part of the string operators in Eq. (18), and sandwih it between the
initial and nal nuleon state. At this point we introdue the relevant non-perturbative funtions (GPDs) in order to
parametrize the non-forward nuleon matrix elements of the vetor and axial vetor string operators on the light-one.
Namely,
〈N (p2, s2)| ψ¯f (−z/2) 6zψf (z/2)± (z −→ −z) |N (p1, s1)〉z2=0 = u(p2, s2) 6zu(p1, s1)
∫ 1
−1
dx e−ix(pz)H±f (x, ξ, t)
+u(p2, s2)
(6z 6r− 6r 6z)
4M
u(p1, s1)
×
∫ 1
−1
dx e−ix(pz)E±f (x, ξ, t) ,
〈N (p2, s2)| ψ¯f (−z/2) 6zγ5ψf (z/2)∓ (z −→ −z) |N (p1, s1)〉z2=0 = u(p2, s2) 6zγ5u(p1, s1)
∫ 1
−1
dx e−ix(pz)H˜±f (x, ξ, t)
−u(p2, s2) (r · z)
2M
γ5u(p1, s1)
×
∫ 1
−1
dx e−ix(pz)E˜±f (x, ξ, t) . (19)
The plus distributions enter the eletromagneti DVCS proess, and they orrespond to the sum of quark and
antiquark ontributions, i.e. to the sum of ontributions from valene quarks and twie the sea quarks. On the other
hand, the weak version of the proess gives aess to the minus GPDs, whih orrespond to the dierene of quark
and antiquark ontributions. This dierene is equal to the valene quark ontribution.
B. Weak Charged Current
The expansion of the time-ordered produt of two urrents in the weak harged setor reads
iT {JµWC (z/2)JνEM (−z/2)} = −
zρ
4π2z4
∑
f,f ′
[
Qf ′ψ¯f ′ (−z/2)γνγργµ (1− γ5)ψf (z/2)
−Qf ψ¯f (z/2)γµ (1− γ5) γργνψf ′ (−z/2)
]
. (20)
7Here the sum over quark avors is subjet to an extra ondition, Qf − Qf ′ = 1 or −1, due the fat that the weak
virtual boson W± arries an eletri harge. Hene the initial and nal nuleon are not the same partiles anymore.
Now the vetor and axial vetor string operators obtained from Eq. (20) are aompanied by dierent eletri harges
and quark avors. For that reason the non-forward nuleon matrix elements,
〈N (p2, s2)| Ôf
′f (z) |N (p1, s1)〉 = 〈N (p2, s2)| ψ¯f ′ (−z/2) 6zψf (z/2)± (f ′ −→ f, z −→ −z) |N (p1, s1)〉 ,
〈N (p2, s2)| Ôf
′f
5 (z) |N (p1, s1)〉 = 〈N (p2, s2)| ψ¯f ′ (−z/2) 6zγ5ψf (z/2)∓ (f ′ −→ f, z −→ −z) |N (p1, s1)〉 , (21)
involve dierent avor ombinations. They are parametrized in terms of GPDs, whih are non-diagonal in quark
avor,
〈N (p2, s2)| Ôf
′f (z) |N (p1, s1)〉z2=0 = u(p2, s2) 6zu(p1, s1)
∫ 1
−1
dx e−ix(pz)H±f ′f (x, ξ, t)
+u(p2, s2)
( 6z 6r− 6r 6z)
4M
u(p1, s1)
∫ 1
−1
dx e−ix(pz)E±f ′f (x, ξ, t) ,
〈N (p2, s2)| Ôf
′f
5 (z) |N (p1, s1)〉z2=0 = u(p2, s2) 6zγ5u(p1, s1)
∫ 1
−1
dx e−ix(pz)H˜±f ′f (x, ξ, t)
−u(p2, s2) (r · z)
2M
γ5u(p1, s1)
∫ 1
−1
dx e−ix(pz)E˜±f ′f (x, ξ, t) . (22)
IV. WEAK DVCS PROCESSES
Before we examine spei proesses we introdue a simple model and disuss the kinematis whih is ommon to
all DVCS-like reations.
Our simple model has three properties. First we assume that the sea quark ontribution is negligible, and therefore
the plus GPDs are equal to the minus GPDs with the quark avor f = u, d. Seondly we take a fatorized ansatz
of the t-dependene from the other two saling variables x and ξ for all distributions. The t-dependene of GPDs is
haraterized by the orresponding form fators given by Eq. (13). Thirdly we neglet the ξ-dependene in all GPDs
exept in the E˜ distribution. The parametrization of GPDs is taken from Refs. [9, 10, 11, 12, 13℄. Namely, for the H
and E distributions one has [9℄
Hvalu (x, ξ, t) = q
val
u (x)
F1u (t)
2
and Hvald (x, ξ, t) = q
val
d (x)F1d (t) ,
Evalu (x, ξ, t) = q
val
u (x)
F2u (t)
2
and Evald (x, ξ, t) = q
val
d (x)F2d (t) , (23)
where the unpolarized valene quark distributions in the proton are given by [10℄
qvalu (x) = 1.89x
−0.4 (1− x)3.5 (1 + 6x) and qvald (x) = 0.54x−0.6 (1− x)4.2 (1 + 8x) . (24)
The u- and d -quark form fators an be extrated from the proton and neutron form fators, whih an further be
related to the Sahs eletri and magneti form fators. For the polarized quark GPD H˜ one has [11℄
H˜valu (x, ξ, t) = ∆q
val
u (x)
(
1 +
|t|
m2A
)−2
and H˜vald (x, ξ, t) = ∆q
val
d (x)
(
1 +
|t|
m2A
)−2
, (25)
with the massmA = 1.03 GeV. The polarized valene quark distributions an be expressed in terms of the unpolarized
ones through [12℄
∆qvalu = cos θD
(
qvalu −
2
3
qvald
)
and ∆qvald = cos θD
(
−1
3
qvald
)
, (26)
8where cos θD =
[
1 + H0
(
1− x2) /√x]−1 and H0 = 0.06. Finally, for E˜ we aept the pion pole dominated ansatz
[13℄,
E˜valu (x, ξ, t) =
1
2
Fpi (t)
θ (|x| < ξ)
2ξ
φpi
(
x+ ξ
2ξ
)
and E˜vald (x, ξ, t) = −E˜valu (x, ξ, t) . (27)
The funtion Fpi (t) and the pion distribution amplitude φpi are taken in the form
Fpi (t) = 4gA (t = 0)M
2
[
1
(m2pi + |t|) /GeV2
− 1.7
(1 + |t| /2 GeV2)2
]
and φpi (u) = 6u (1− u) , (28)
where mpi denotes the pion mass and gA (t = 0) = 1.267.
In general, a neutrino indued DVCS proess on a nuleon is given by the reation
l1 (k) +N1 (p1) −→ l2 (k′) +N2 (p2) + γ (q2) , (29)
where a neutrino l1 satters from a nuleon N1 to a nal state l2, nuleon N2 and real photon γ. Shematially,
the reation is presented by three diagrams (see Figure 7). The rst diagram is the so-alled DVCS diagram whih
orresponds to the emission of the real photon from the nuleon blob. In our approximation it is alulated from two
handbag diagrams (see Figure 6). In the other two (Bethe-Heitler) diagrams of Figure 7 the real photon is emitted
from a lepton leg.
The dierential ross setion in the target rest frame, in whih the weak virtual boson four-momentum q1 has no
transverse omponents, assumes the form
d4σ
dxBdQ21dtdϕ
=
1
64s
1
(2π)4
1 + xB (M/ω)
MωxB (y + 2xB (M/ω))
2 |T |2 , (30)
where T represents the invariant matrix element. The invariants in Eq. (30) are given by s ≡ (k + p1)2 , Q21 ≡
−q21 , and y ≡ (p1 · q1) / (p1 · k). Moreover, ω denotes the energy of the inoming neutrino beam, and ϕ the angle
between the lepton and nuleon sattering planes. One nds the kinematially allowed region for the reation (see
Figure 8) under the following onstraints: xed neutrino beam energy at ω = 5.75 GeV, the invariant mass squared of
the weak virtual boson-nuleon system, sˆ ≡ (p1 + q1)2 ≥ 4 GeV2, and the virtuality of the weak boson, Q21 ≥ 2 GeV2.
As an example of the partiular kinematis, we further hoose Q21 = 2.5 GeV
2, xB = 0.4 and set ϕ = 0. One plots
t as a funtion of the angle θBγ between the inoming weak virtual boson B and the outgoing real photon γ in the
target rest frame (see Figure 9).
We study two dierent examples of the weak DVCS proesses. In the weak neutral setor we onsider neutrino
sattering o an unpolarized proton target through the exhange of Z0. Here one only measures the Compton
ontribution (see Figure 10) sine the photon an not be emitted by the neutrino. Next we onsider neutrino-neutron
sattering through the exhange of W+ with a proton in the nal state. This partiular proess, however, has both
ontributions (see Figure 11). The Bethe-Heitler bakground is alulated from one diagram (see diagram (b) in
Figure 7) sine only the outgoing muon an emit the real photon. In ontrast to the standard eletromagneti DVCS
proess on an unpolarized proton target (see Figure 12), where the Bethe-Heitler ross setion is well above the
Compton one, the situation in the weak harged setor is the other way round.
V. CONCLUSIONS
Generalized parton distributions ontain the most omplete and unied desription of the internal quark-gluon
struture of hadrons. Form fators, usual parton distribution funtions and distribution amplitudes, on the other
hand, an be treated just as partiular or limiting ases of generalized parton distributions. Furthermore, the
formalism of generalized parton distributions provides nontrivial relations between exlusive and inlusive proesses,
9and also between dierent exlusive proesses.
We have extended the deeply virtual Compton sattering proess into the weak setor by using the neutrino beam.
We have argued that the weak deeply virtual Compton sattering proess gives an additional information about the
hadroni struture. It is expeted in the near future that neutrino sattering o a nuleon will be studied at high
intensity neutrino beam failities.
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VI. FIGURES AND PLOTS
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FIG. 1: Elasti eletron-nuleon sattering in one-photon exhange approximation (left) and deeply inelasti sattering (right).
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al theorem.
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FIG. 3: Forward virtual Compton sattering amplitude.
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FIG. 4: Non-forward virtual Compton sattering amplitude.
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FIG. 5: Symmetri desription of the s-hannel handbag diagram.
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FIG. 6: Handbag diagrams (s- and u-hannel) in the weak DVCS amplitude.
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FIG. 7: DVCS (a) and Bethe-Heitler (b and ) diagrams ontributing to the lepton-prodution of a real photon.
FIG. 8: Kinematially allowed region.
FIG. 9: Momentum transfer squared plotted as a funtion of the angle between the inoming weak virtual boson and outgoing
real photon in the target rest frame.
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FIG. 10: Weak neutral DVCS dierential ross setion on an unpolarized proton target plotted as a funtion of the angle
between the inoming weak virtual boson and outgoing real photon in the target rest frame.
FIG. 11: Compton (dashed line) and Bethe-Heitler (solid line) ontribution to the weak harged DVCS dierential ross setion
on an unpolarized neutron target plotted as a funtion of the angle between the inoming weak virtual boson and outgoing real
photon in the target rest frame.
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FIG. 12: Compton (dashed line) and Bethe-Heitler (solid line) ontribution to the eletromagneti DVCS dierential ross
setion on an unpolarized proton target plotted as a funtion of the angle between the inoming weak virtual boson and
outgoing real photon in the target rest frame.
